At Site 572, located at 1°N, 114° W (3903 m water depth), we recovered a continuous hydraulic piston cored section of upper Miocene to upper Pleistocene pelagic sediments. The sediment is composed of biogenic carbonate and silica with nonbiogenic material as a minor component. Detailed analysis of the calcium carbonate content shows that the degree of variability in carbonate deposition apparently changed markedly between the late Miocene and Pliocene at this equatorial Pacific site. During this interval carbonate mass accumulation rates decreased from 2.6 to 0.8 g/cm 2 per 10 3 yr. If we assume that variations in CaCO 3 content reflect changes in the degree of dissolution, then the detailed carbonate analysis would suggest that the degree of variability in carbonate deposition decreases by a factor of 5 as the dominant wavelength of variations increases significantly. However, if the variability in carbonate concentration is described in terms of changes in mean mass accumulation, calculations then suggest that relatively small changes in noncarbonate rates may be important in controlling the observed carbonate records. In addition, the analysis suggests that the degree of variability observed in pelagic carbonate data may in part reflect total accumulation rates. Intervals with high sedimentation rates show lower amplitude variations in concentration than intervals with lower sedimentation rates for the same degree of change in the carbonate accumulation rate.
INTRODUCTION
Variations in calcium carbonate content have been used by marine geologists and paleoceanographers as a tool for stratigraphic correlation (Prell, 1978; Dunn and Moore, 1981; Hays et al., 1969) and as an indicator of oceanic response to global climate change. In general, the resolution attained in studies of calcium carbonate deposition reflects the quality and sedimentation rate of the sediment sections available.
Studies of Pleistocene sediments typically attain sampling resolution on the order of a few thousand years, and stratigraphic resolution on the order of 50,000 yr. is possible, as shown by Hays et al. (1969) . These studies used samples of undisturbed sediment collected by standard piston coring techniques. The availability of undisturbed sections of pre-Pleistocene sediments was severely limited until the development of the hydraulic piston coring capability on the Glomar Challenger. Thus, most studies of carbonate variation in pre-Pleistocene sediments have used samples from either rotary drilled sections or the few piston cores that sampled areas where much of the Pleistocene section had been removed by erosion. Studies of carbonate variations in pre-Pleistocene sections (e.g., Dunn and Moore, 1981; Vincent, 1981) typically have sample spacing of several tens of thousands of years and demonstrate stratigraphic resolution on the order of 100,000 to 500,000 yr. A few studies have examined carbonate variations in pre-Pleisto- cene sediments at a time resolution comparable to that in Pleistocene studies (Dean et al., 1981; Moore et al., 1982) , but the coverage in time and space is still extremely limited.
Because of the limited resolution of available Cenozoic carbonate records, it has been difficult to evaluate whether the ocean's carbonate system has displayed the same high degree of variability in the more remote geologic past as that observed in the last 1 m.y. Detailed stable isotope records from the Miocene and Pliocene (Woodruff et al., 1981; Pisias and Shackleton, this volume; and this volume) suggest a high degree of climatic variability and lead us to expect variations in carbonate sedimentation as well. Detailed sampling was completed in a number of cores from Site 572 to examine the variability of carbonate deposition in the equatorial Pacific. In this report we present high resolution carbonate analyses from the hydraulic piston cored section of Site 572.
SAMPLING STRATEGY AND METHODS
At Site 572 (01°26.09'N, 113°50.52'W, water depth, 3903 m), the hydraulic piston corer (HPC) recovered sediments to 154 m sub-bottom and provided a high quality, undisturbed, sediment section spanning the last 6 m.y. During this period Site 572 has always been within the equatorial divergence zone. Hence, sedimentation rates have been high throughout much of its history, with sedimentation rates of 13 to 21 m/m.y. in the upper 68 m increasing to 50 m/m.y. between 68 and 208 m sub-bottom (Table 1) .
Selected intervals were sampled at 10-cm spacing to examine the sedimentary response to oceanographic and climatic variability in the latest Miocene and Pliocene in detail. The intervals were selected on the basis of four criteria: (1) high sedimentation rates (so that high resolution records could be obtained); (2) shipboard evaluation of carbonate fossil preservation (to ensure adequate numbers of foraminiferal tests for later stable isotopic analyses); (3) intervals that spanned major paleoclimatic or paleoceanographic events; and (4) at least 15 m of continuous good recovery so that a long enough sequence could be sampled for detailed time and frequency domain statistical analysis. Three intervals from Site 572 were sampled in detail: Cores 572C-4 to 572C-7, 29 to 68 m sub-bottom; Cores 572A-11 and 12, 92 to 110 m sub-bottom; and Cores 572C-15 and 16, 121 to 134 m sub-bottom. The first sample interval represents the time interval from 2 to 4.6 Ma and spans the time when major glaciation supposedly began in the Northern Hemisphere (Shackleton et al., 1984) . A detailed stable isotopic analysis of this section is presented by Prell (this volume). The sedimentation rate in this interval is about 15 m/m.y. so that the sampling resolution is on the order of 6000 yr.
The sedimentation rate below 68 m sub-bottom is estimated to be ~50 m/m.y. Thus, the intervals from 92 to 110 m and 121 to 134 m sub-bottom provided very high resolution records of carbonate variations in the latest Miocene. These intervals sample the time periods of about 4.6 to 5 Ma and 5.2 to 5.3 Ma with a sample resolution of 2000 yr. Stable isotopic analyses for these intervals are in progress.
Analyses of calcium carbonate in samples from 29 to 68 m sub-bottom were completed on paired samples for isotopic analysis by using a modified version of the Jones and Kaiteris (1983) vacuum-gasometric technique. In the system used for this study, reactions are measured at atmospheric pressure and measurements are made with a differential pressure gauge. Analytic precision is estimated to be ~ 0.5% from replicate analyses. Calcium carbonate was determined in the interval from 92 to 134 m sub-bottom using the carbonate bomb technique as modified by Dunn (1980) . Analytic precision based on homogenized sample splits is 1% CaCO 3 , and on samples split without homogenization it is 2% Ca*CO 3 . All carbonate analyses are listed in Table 2 and plotted as a function of sub-bottom depth in Figures 1 and 2 .
RESULTS AND DISCUSSION

Sample Aliasing
Included in Figures 1 and 2 are the carbonate data obtained on board the Glomar Challenger. Shipboard analyses were made using the carbonate bomb technique. In general, two samples per core section (at about 75 cm sample spacing) were analyzed on board ship. All shipboard analyses shown are from Hole 572A. Therefore, only in the interval from 92 to 110 m sub-bottom are the high resolution samples from the same cores as the shipboard data. Where data from the high resolution studies come from the same hole (572A) as the shipboard data, agreement is very good (see Fig. 3B ). If we assume that sub-bottom depths are calculated correctly, then differences between the data sets from two different holes, as over the interval from 29 to 68 m, reflect inhomogeneity in the horizontal distribution of calcium carbonate within the distance between the different holes at Site 572. More important, this can also reflect the effect of sample aliasing that results from the marked difference in resolution of the two data sets.
Aliasing, as applied to sampling in the time domain, (or in the depth domain, as with deep-sea sediments), results from sampling at a resolution too low for the wavelength of variation. In effect, short-wavelength components that are sampled at long sampling intervals appear as long-wavelength variations. For example, in Figure 3A a hypothetical carbonate record with a wavelength of 1.25 m is shown. If the core is sampled at 145-cm intervals, the resulting data look like a long-period component of 11 m. Thus, the true information in the data set is "aliased" as a signal of much lower frequency. Note that in this example the true amplitude of variations can be determined from the aliased data.
An example of aliasing from the Site 572 data is shown in Figure 3B . The shipboard data at 75-cm intervals would suggest an interval of relatively constant (±5%) CaCO 3 content between 100 and 110 m sub-bottom. The detailed sampling, however, shows variations on the order of ±10% CaCO 3 . The low-resolution sampling aliased variability of 15% CaCO 3 with a wavelength of 1 cycle/m to a constant signal of very low frequency. In this case, the 15,000-yr. sampling represented by the shipboard analyses lost essentially all the information about the CaCO 3 variations, not even recovering the amplitude of variation.
The effect of aliasing on a data set cannot be determined from that data set. Information not contained in the data set is needed to evaluate aliasing, and only highresolution sampling can reveal the effects of short-wavelength components on the aliased "low frequencies."
Depth Versus Time Domain
The data from Site 572 span almost 4 m.y., from the latest Miocene through most of the Pliocene. In general, the depth series are very similar in their general appearance and statistical properties ( 572C-5-5, 104 572C-5-5, 114 572C-5-5, 124 572C-5-5, 134 572C-5-6, 4 572C-5-6, 14 572C-5-6, 24 572C-5-6, 34 572C-5-6-, 44 572C-5-6, 54 572C-4-5, 64 572C-5-6, 71 572C-5-6, 84 572C-5-6, 94 572C-5-6, 104 572C-5-6, 114 572C-5-6, 124 572C-5-6, 134 572C-5-6, 144 572C-5-7, 4 572C-5-7, 14 572C-5-7, 24 572C-5-7, 34 572C-6-1, 4 572C-6-1, 14 572C-6-1, 24 572C-6-1, 34 572C-6-1, 48 572C-6-1, 54 572C-6-1, 64 572C-6-1, 73 572C-6-1, 84 572C-6-1, 94 572C-6-1, 104 572C-6-1, 114 572C-6-1, 124 572C-6-1, 134 572C-6-1, 144 572C-6-2, 4 572C-6-2, 14 572C-6-2, 24 572C-6-2, 34 572C-5-2, 44 572C-6-2, 54 572C-6-2, 64 572C-6-2, 73 572C-6-2, 84 572C-6-2, 94 572C-6-2, 104 572C-6-2, 114 572C-6-2, 124 572C-6-2, 134 572C-6-2, 144 572C-6-3, 4 572C-6-3, 14 572C-6-3, 24 572C-6-3, 34 572C-6-3, 44 572C-6-3, 54 572C-6-3, 64 572C-6-3, 73 572C-6-3, 84 572C-6-3, 94 572C-6-3, 104 572C-6-3, 114 572C-6-3, 124 572C-6-3, 134 572C-6-3, 144 572C-6-4, 4 572C-6-4, 14 572C-6-4, 24 572C-6-4, 34 572C-6-4, 44 572C-6-4, 54 572C-6-4, 64 572C-6-4, 73 572C-6-4, 84 572C-6-4, 94 572C-6-4, 104 572C-6-4, 114 572C-6-4, 134 572C-6-4, 144 572C-6-5, 4 572C-6-5, 14 572C-6-5, 24 572C-6-5, 34 572C-6-5, 44 572C-6-5, 54 572C-6-5, 64 572C-6-5, 73 572C-6-5, 84 572C-6-5, 94 572C-6-5, 104 572C-6-5, 114 572C-6-5, 124 572C-6-5, 134 572C-6-5, 144 572C-6-6, 4 572C-6-6, 14 572C-6-6, 24 572C-6-6, 34 572C-6-6, 44 572C-6-6, 54 572C-6-6, 64 572C-6-6, 73 572C-6-6, 84 572C-6-6, 94 572C-6-6, 104 572C-6-6, 114 572C-6-6, 124 572C-6-6, 134 572C-6-6, 144 572C-6-7, 4 572C-6-7, 14 572C-6-7, 24 572C-6-7, 34 572C-7-572C-7-572C-7-572C-7-572C-7-572C-7-572C-7-572C-7-572C-7-572C-7-572C-7-572C-7-,4 , 14 ,24 , 34 , 44 , 54 ,64 ,73 , 84 , 94 , 104 , 114 572C-7-1, 124 572C-7-1, 134 572C-7-1, 144 572C-7-2, 4 572C-7-2, 14 572C-7-2, 24 572C-7-2, 34 572C-7-2, 44 572C-7-2, 54 572C-7-2, 64 572C-7-2, 73 572C-7-2, 84 572C-7-2, 94 572C-7-2, 104 572C-7-2, 114 572C-7-2, 124 572C-7-2, 134 572C-7-2, 144 572C-7-3, 4 572C-7-3, 14 572C-7-3, 24 572C-7-3, 34 572C-7-3, 44 572C-7-3, 54 572C-7-3, 64 572C-7-3, 74 572C-7-3, 84 572C-7-3, 94 572C-7-3, 104 572C-7-3, 114 572C-7-3, 124 572C-7-3, 134 572C-7-3, 144 572C-7-4, 4 572C-7-4, 14 572C-7-4, 24 572C-7-4, 34 572C-7-4, 44 572C-7-4, 54 572C-7-4, 64 572C-7-4, 73 572C-7-4, 84 572C-7-4, 94 572C-7-4, 104 572C-7-4, 114 572C-7-4, 124 572C-7-4 , 134 572C-7-5, 4 572C-7-5, 14 572C-7-5, 24 572C-7-5, 34 572C-7-5, 44 572C-7-5, 54 572C-7-5, 64 572C-7-5, 73 572C-7-5, 84 572C-7-5, 94 572C-7-5, 104 572C-7-5, 114 572C-7-5, 124 572C-7-5, 134 572C-7-5, 144 572C-7-6, 4 572C-7-6, 14 572C-7-6, 24 572C-7-6, 34 572C-7-6, 44 572C-7-6, 54 572C-7-6, 64 572C-7-6, 75 572C-7-6, 84 572C-7-6, 94 572C-7-6, 104 572C-7-6, 114 572C-7-6, 124 572C-7-6, 134 572C-7-6, 144 572C-7-7, 4 572C-7-7, 14 572C-7-7, 24 572C-7-7, 34 572A-11-572A-11-572A-11-572A-11-572A-11-572A-11-572A-11-572A-11-572A-11-572A-11-572A-11- 572A-11-2, 53 572A-11-2, 63 572A-11-2, 69 572A-11-2, 83 572A-11-2, 93 572A-11-2, 103 572A-11-2, 113 572A-11-2, 123 572A-11-2, 133 572A-11-2, 143 572A-11-3, 3 572A-11-3, 13 572A-11-3, 23 572A-11-3, 33 572A-11-3, 43 572A-11-3, 53 572A-11-3, 63 572A-11-3, 70 572A-11-3, 83 572A-11-3, 93 572A-11-3, 103 572A-11-3, 113 572A-11-3, 123 572A-11-3, 133 572A-11-3, 143 572A-11-4, 13 572A-11-4, 23 572A-11-4, 33 572A-11-4.43 572A-11-4, 53 572A-11-4, 63 572A-11-4, 71 572A-11-4, 83 572A-11-4, 93 572A-11-4, 103 572A-11-4, 113 572A-11-4, 123 572A-11-4, 133 572A-11-4, 143 572A-11-5, 13 572A-11-5, 23 572A-11-5, 33 572A-11-5, 43 572A-11-5, 53 572A-11-5, 63 572A-11-5, 71 572A-11-5, 83 572A-11-5, 93 572A-11-5, 103 572A-11-5, 113 572A-11-5, 123 572A-11-5, 133 572A-11-5, 143 572A-11-6, 3 572A-11-6, 13 572A-11-6, 23 572A-11-6, 43 572A-11-6, 63 572A-11-6, 69 572A-11-6, 83 572A-11-6, 113 572A-11-6, 123 572A-11-6, 133 572A-11-6, 143 572A-11-7, 3 572A-12- -12-3, 13 572A-12-3, 23 572A-12-3, 33 572A-12-3, 33 572A-12-3, 43 572A-12-3, 63 572A-12-3, 70 572A-12-3, 83 572A-12-3, 93 572A-12-3, 103 572A-12-3, 113 572A-12-3, 123 572A-12-3, 133 572A-12-3, 143 572A-12-4, 3 572A-12-4, 13 572A-12-4, 23 572A-12-4, 33 572A-12-4, 43 572A-12-4, 53 572A-12-4, 63 572A-12-4, 70 572A-12-4, 83 572A-12-4, 93 572A-12-4, 103 572A-12-4, 113 572A-12-4, 123 572A-12-4, 133 572A-12-4, 143 572A-12-5, 3 572A-12-5, 13 572A-12-5, 23 572A-12-5, 33 572A-12-5, 43 572A-12-5, 53 572A-12-5, 63 572A-12-5, 70 572A-12-5, 83 572A-12-5, 93 572A-12-5, 103 572A-12-5, 113 572A-12-5, 123 572A-12-5, 133 572A-12-5, 143 572A-12-6, 3 572A-12-6, 13 572A-12-6, 23 572A-12-6, 33 572A-12-6, 43 572A-12-6, 53 572A-12-6 572A-12-6, 63 572A-12-6, 70 572A-12-6, 83 572A-12-6, 93 572A-12-6, 103 572A-12-6, 113 572A-12-6, 123 572A-12-6, 123 572A-12-6, 133 572A-12-6, 143 572A-12-7 79% CaCO 3 , with the standard deviations of the intervals ranging from 6.6 to 9.2% carbonate. (The interval from 30 to 68 m was divided into two parts, with the number of data points in each approximately equal to the other depth intervals sampled.) Differences between the extreme values of the mean and variance are significant only at the 10% level (Table 3 ). The average wave- length of variations in all sections is on the order of 20 to 50 samples per cycle, with secondary fluctuations on the order of 10 samples per cycle (e.g., Fig. 3B ).
Although the depth series are remarkably similar, there are significant differences when the data are plotted against age. In Figure 4 the carbonate data are plotted versus ages determined from the sedimentation rates for Site 572 (Table 1 ). The differences in the frequency of carbonate variations are striking when the intervals from 4.7 to 5.0 Ma and from 2 to 4 Ma are compared (Fig. 4) . (The potential of aliasing of the 2-to-4-Ma record will be discussed later.) These differences are best quantified by considering the frequency domain characteristics. In Figure 5 the variance spectra for the intervals 2 to 3 Ma and 4.7 to 5 Ma are shown. The results of analyses of all four intervals represented in Table 3 are summarized in  Table 4 . The sample resolution in the 2-to-3-Ma interval is on the order of 6000 to 7000 yr., so the highest frequency resolved is equivalent to a 12,000-to-14,000-yr. period. In this interval (2 to 3 Ma), the spectrum is dominated by three spectral components centered at periods of about 300,000, 67,000, and 35,000 yr. (Fig. 5A) . Analysis of both the 2-to-3-and 3-to-4-Ma intervals shows that the amplitudes of the carbonate variation associated with these components (where amplitude is defined as 2 × variance 172 associated with the spectral component) are 8 to 12%, 7.5 to 9%, and 2 to 5%, respectively. In the interval from 4.7 to 5.6 Ma the spectrum shows a significant amount of variance associated with very high frequencies (Fig. 5B) . From 12 to 20% of the total variance in the intervals 4.7 to 5 and 5.2 to 5.6 Ma is found at frequencies equivalent to 16,000-yr. periods. The dominant spectral component, containing 50 to 60% of the variance, centers at periods of about 40,000 to 50,000 yr. In these late Miocene records, the resolution of long periods is hindered by the limited length of record (about 400,000 yr.). However, the fact that the spectra do not show a continual increase in variance with decreasing frequency of periods over 40,000 yr. suggests that long periods are not major contributors to the variance of the intervals analyzed.
To determine whether the differences between these intervals represent real changes in the variability of the carbonate system of the latest Miocene and Pliocene, we must consider a number of problems. As mentioned above, sample aliasing may be important, because the Period (in 10 3 yr.) Figure 5 . Variance spectra from Site 572 carbonate data. Spectra are plotted on a linear frequency scale and a log variance scale. Confidence interval is for the 80% level; horizontal bar gives the bandwidth of spectral calculations. Frequencies are in cycles per 10 3 yr. and periods in 10 3 yr. A. Spectra for 2-to-3-Ma interval, Hole 572C (data shown in Fig. 4A) . B. Spectra for 4.7-to-5-Ma interval, Hole 572A (data shown in Fig. 4C ). sampling resolution of the Site 572 data varies by a factor of 3. Theoretically, the sample spacing of 6000 yr. in the interval from 2 to 4 Ma should resolve periods on the order of 16,000 yr. Since no evidence of important periods shorter than 35,000 yr. exists in the Pliocene records, in terms of either significant spectral peaks or in the amount of variance accounted for by high frequencies, it is unlikely that aliasing is an important problem in the Pliocene section.
To verify the absence of sample aliasing in the lower sedimentation rate intervals of Site 572, additional samples were taken at 3-cm intervals to provide a 2000-yr. resolution. These additional samples (two samples taken between the original 10-cm sample spacing) were taken in the intervals from 30.5 to 33.0 and 35 to 36.5 m subbottom. The carbonate concentrations measured (using the modified vacuum-gasometric system) in these new samples are very close to the values expected from linear interpolation between the 10-cm samples (Fig. 6) , especially for the intervals from 32 to 33 and 35 to 36.5 m. In the interval between 30.5 and 32 m sub-bottom, the additional samples show slightly more variability than the original 10-cm samples. However, comparison of the means and variance of these intervals estimated from the 10-cm and 3-cm sample sets shows no significant differences. It should be noted that the similarity between the samples at 10-cm intervals and the data set sampled at 3-cm intervals, reflects, in part, the mixing of pelagic sediments by benthic organisms.
In addition to sample aliasing as a possible cause for an apparent difference between the Miocene and Pliocene records, there may be significant error in the mean sedimentation rates used to determine the time scales for these records. Magnetic stratigraphy is not available for Site 572, and sedimentation rate estimates were made by using radiolarian and diatom datums that have been correlated to the geomagnetic time scale by a number of investigators (see Barron et al., this volume) . Stratigraphic analysis of all sites drilled on Leg 85 suggests that correlations to within a few meters are possible throughout the Pliocene and Miocene sections of Sites 573 and 572. Thus, it is possible to correlate accurately the magnetic stratigraphy of Site 573 with the Site 572 data (Pisias et al., this volume; Prell, this volume) . Such correlations also support the estimated sedimentation rate estimates used in this study.
If the change in sedimentation rates estimated between the intervals from 68 to 208 m and 29 to 68 m subbottom is correct, the mass accumulation rate of calcium carbonate changes from 3.5 to 1 g/cm 2 per 10 3 yr., respectively. Associated with this threefold decrease in mass accumulation rate (Table 1) is a marked decrease in high-frequency variations in carbonate content. Thus, if the carbonate variations are converted to mass accumulation rates, the latest Miocene carbonate record at Site 572 requires not only high-frequency variations of carbonate content but also very high amplitude variations in the total mass of carbonate dissolved or preserved as compared to the Pliocene interval. However, these mass accumulation rate differences may have an effect on the nature of the variability of the carbonate content in a sediment column. 
Causes of Carbonate FluctuationsAccumulation Rate Approach -A Mass
A useful review of the hypotheses for variation in calcium carbonate concentrations is given by Volat et al. (1980) . The weight percentage of calcium carbonate in pelagic sediments reflects the balance between the rate of input of calcium carbonate to the sediment surface, the rate of carbonate dissolution, and rate of accumulation of non-carbonate diluents. The major noncarbonate sediment at Site 572 is biogenic silica (opal), so the rate of noncarbonate deposition reflects the rate of input versus the rate of dissolution of opal.
The effects of the factors controlling carbonate deposition can be modeled as in Figure 7 (Heath and Culberson, 1970; Dean et al., 1981; . In Figure 7 it is assumed that the initial pelagic rain is 85% carbonate and 15% noncarbonate. (Note that the assumption of an initial pelagic rain of 85% would require some dissolution of noncarbonate material at the sediment surface to account for higher CaCO 3 contents in some of the Site 572 samples.) Variations in the concentration of calcium carbonate can result from changes in dilution by non-CaCO 3 or from changes in the percentage of calcium carbonate dissolved. The percentage of dilution D needed to produce the observed calcium carbonate C f from the initial carbonate content Q (Gardner, 1975) is
The percentage carbonate lost (L) to dissolution needed to produce the observed noncarbonate fraction N f from the initial fraction N is
Analyses of late Pleistocene sediments (Volat et al., 1980) and Cenozoic sections (Dean et al., 1981; Dunn and Moore, 1981) suggest that dissolution rather than dilution plays the dominant role in controlling carbonate variations. In the following discussion we infer that dissolution plays an important role in controlling pre- to an initial carbonate rain of 85% CaCO 3 (after Dean et al., 1981) .
Pleistocene carbonate variations in Site 572, but without detailed studies of carbonate preservation we cannot eliminate variations in biogenic silica deposition or preservation as important controls.
As is apparent in Figure 7 , changing the observed carbonate content from an initial 85% to a value of 80% by dissolution alone requires a minimum of 30% of the initial carbonate to be dissolved. If we compare two different sediment records, as in the case of the Pliocene and Miocene at Site 572, and calculate the percentage dissolution required to describe the individual records, we have inherently assumed that dissolution is the only process responsible for changes in carbonate content (i.e., there are no changes in supply or dilution by other sediment fractions) and that the system is steadystate over each interval. This implies that for a given change in CaCO 3 content, the proportion of CaCO 3 that has been dissolved is constant and is independent of the absolute rate of dissolution. For example, the change from 85 to 80% CaCO 3 would require three times the rate of dissolution for a sediment column with a carbonate deposition rate of 3 g/cm 2 per 10 3 yr. as it would for one with a rate of 1 g/cm 2 per 10 3 yr. For the Site 572 data, this assumption of dissolution-controlled variation would suggest that the amplitude of variation in CaCO 3 percentages in the uppermost Miocene sediment (which is similar to the Pliocene data) would represent a calcium carbonate dissolution rate of three times that needed to produce the observed carbonate percentage variations in the Pliocene sediment. Thus, not only was the wavelength of carbonate variations much shorter during the Miocene, but the variations in the total mass of carbonate dissolved were significantly higher.
Since the mass of carbonate preserved, or the rate of dissolution, provides more information than CaCO 3 percentages, we suggest a different approach to describing changes in carbonate content. It is our belief that changes from the mean concentration of calcium carbonate caused by specific changes in oceanographic processes are best described in terms of changing rates of dissolution rather than simply changing proportions of carbonate preserved at any one location.
An example of an important consequence of this approach is to consider the amplitude of carbonate variations associated with the 67,000-yr. spectral component of the 2-to-3-Ma carbonate record of Site 572 (Fig. 5A) . The amplitude of this frequency component is about 10% CaCO 3 in the intervals with mean sediment accumulation rates of 1.00 g/cm 2 per 10 3 yr. and a mean carbonate content of 75% (Table 1 ). If we assume that the supply of non-CaCO 3 sediment has remained constant, a change in the mass accumulation of CaCO 3 of 0.2 g/ cm 2 per 10 3 yr. is required to produce the observed 10% carbonate content signal. The value of 0.2 g/cm 2 per 10 3 yr. is the amplitude of the change in accumulation rate associated with the 67,000-yr. frequency component and may reflect changes in dissolution as well as production. If the total mass accumulation rate was 3.5 g/ cm 2 per 10 3 yr. as in the 5.2-to-5.6-Ma interval, the 0.2 g/cm 2 per 10 3 yr. change in carbonate deposition would produce a carbonate content change of only 4%.
The relationship between the amplitude of the change in the carbonate concentration and the mean mass accumulation rate can be calculated for a given mean carbonate percentage (75% is used in Fig. 8A) . Two values for the net change in carbonate mass accumulation rates (0.2 and 0.35 g/cm 2 per 10 3 yr.) are shown in Figure 8A . A mean of 75% was chosen, because this is a typical value for the mean carbonate value of all sites drilled on Leg 85 in the equatorial Pacific. As shown in Figure 8A , for mass accumulation rates of 0.5 to 2.0 g/cm 2 per 10 3 yr. (sedimentation rates on the order of 1 to 3 cm/ 10 3 yr.), a 0.2 g/cm 2 per 10 3 yr. rate change in carbonate deposition is reflected in carbonate concentration as a variation by a factor of 5 (from 40 to 8% CaCO 3 ).
Thus far we have assumed that changes in carbonate concentrations reflect changes in net carbonate mass accumulation rates (i.e., our supply-dissolution model). If we consider that changes in calcium carbonate content at Site 572 reflect changes in noncarbonate (dilu- tion), we can calculate the change in the mass accumulation necessary to produce carbonate fluctuations. If we use the same starting values (a mean mass accumulation rate of 1 g/cm 2 per 10 3 yr. and a mean carbonate content of 75%), a change in net noncarbonate accumulation of 0.07 g/cm 2 per 10 3 yr. is required to produce a 10% CaCO 3 amplitude in the carbonate record. Although this value is less than half of the change needed if only variations in carbonate supply and dissolution are considered, it represents 30% of the mean noncarbonate accumulation. As shown in Figure 8B , the amplitude of carbonate variations caused by changes in noncarbonate deposition also varies as a function of total mean accumulation. An increase in the amplitude of variations in carbonate content with decreasing sedimentation rates is produced by variation in noncarbonate accumulation rates.
Without detailed studies of the degree of carbonate dissolution in the sediments from Site 572 or detailed time control to constrain very short-term changes in sedimentation rates, it is difficult to evaluate the ultimate cause of the carbonate content fluctuations in this equatorial Pacific site. However, one possible constraint is supplied by the variance spectrum calculated from these data. If changes in the CaCO 3 records reflect changes in carbonate supply and/or dissolution, then we would expect significant changes in the short-term mass accumulation rates. In Figure 9 the percentage change in the total accumulation rate associated with the estimated 0.2 and 0.07 g/cm 2 per 10 3 yr. rate changes in carbonate and noncarbonate accumulation is plotted as a function of mean sedimentation rates. For a mean rate of 1 g/cm 2 per 10 3 yr., changes in noncarbonate deposition would produce a 15% change in the total accumulation, as opposed to a 40% change if carbonate deposition is controlling the carbonate concentrations. In Figure 4 the carbonate minima tend to occur over shorter depth intervals relative to maxima. This could reflect reduced sedimentation rates during intervals of decreased carbonate concentration. This type of sedimentation rate distortion would produce harmonics in the variance spectra associated with important periodic components (Holman and Pisias, 1983) . In the 2-to-3-Ma interval of the Site 572 data, the secondary spectral peak (35,000 yr.) is very close to the predicted harmonic of the 67,000-yr. com- ponent. Further study is necessary to evaluate whether the variance and phase of the 35,OOO-yr. component is consistent with sedimentation rate changes on the order of 67,000 yr. These calculations of carbonate content changes relative to mass accumulation rates have important implications for the resolution of carbonate records from lower sedimentation rate intervals. As sedimentation rates decrease and/or sampling intervals increase, then aliasing becomes an important problem. If the amplitude of the carbonate variation also tends to increase with decreasing sedimentation rates, the effect of aliasing becomes even more exaggerated.
CONCLUSIONS
Detailed analysis of calcium carbonate concentrations in the HPC sections of Site 572 shows a significant difference between the nature of carbonate deposition at this equatorial site during the late Miocene and during the Pliocene. Both the degree of variability of carbonate deposition and the total sediment and carbonate accumulation rates were markedly higher in the late Miocene than in the Pliocene intervals. The present data set, however, does not allow us to determine the nature of the transition between these two regimes of carbonate deposition.
Calculations of changes in mass accumulation rates suggest that the nature of a carbonate concentration record is controlled in part by total mass accumulation rates and that small changes in the mass accumulation of noncarbonate material have a significant effect on the carbonate concentration data. Thus, without detailed analysis of the changes in mass accumulation rates or the influence of dissolution, it is difficult to determine the true causes of the carbonate variations observed.
